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nvading, nonindigenous species cause major environmental damage in many different ecosystems worldwide. In a recent assessment, the costs to the US economy inflicted by invasive species were estimated at $137 billion annually (Pimentel et al. 2000) . The US government therefore has expanded its efforts to combat exotic pests, as well as to accelerate research on habitat restoration and biologically based, integrated pest management tactics.
Classical biological control (that is, the deliberate release of natural enemies to control exotic pests) is an important tool in integrated pest management, and it is usually considered to be economically sound and environmentally safe. However, safety of classical biological control has recently become a matter of debate concerning the risks posed by the introduced enemies to nontarget organisms and to biodiversity in general. This shift in the assessment of biological control arose mainly from recent findings of nontarget effects caused by biocontrol agents introduced through classical biological control programs (Simberloff and Stiling 1996 , Louda et al. 1997 , Strong 1997 . The importance of the topic emerged in subsequent publications discussing such topics as benefits of biological control (Gurr and Wratten 2000) , ecological relevance of nontarget attack (Follet and Duan 2000, Wajnberg et al. 2001) , evolutionary stability (Jervis 1997) , and the use of modeling in biological control (Thomas and Willis 1998) .
One of the most critical points of contention is whether and to what extent host-specificity tests of potential biocontrol agents are useful in assessing potential risks toward nontarget organisms (McEvoy 1996) . Although prerelease studies in general, and host range testing in particular, only recently have begun to be part of biological control programs against insect pests, they have a long-standing tradition in the classical biological control of weeds. The report of host range expansion of the weevil Rhinocyllus conicus Froel. (Figure 1 ; Louda et al. 1997) , introduced in North America to control exotic thistles, has therefore puzzled many environmentalists and theoretical ecologists and has contributed to a general discomfort about the effectiveness of prerelease studies.
In this paper, I discuss the potential and limits of host range testing in predicting ecological and evolutionary changes in the host range of biocontrol agents after their release in a target area. Particular emphasis is placed on the usefulness of detailed behavioral and genetic studies in improving the interpretation of standard host range tests. Prerelease studies as they are currently performed in classical biocontrol of weeds consist of a series of studies both in the area of the biocontrol agent's origin as well as in the target area. These studies include verification (e.g., by using molecular tools) of the taxonomic status of the weed and its associated herbivores, evaluation of the host range of biocontrol candidates, investigations of the population ecology of the weed in the native and target areas, and assessments of the damage that biocontrol agents inflict on the weed, both at the individual and the population levels (Schroeder et al. 1996) .
Current host-specificity screening includes various test designs in which a variety of test plant species are exposed to larvae or adults (or both) of a potential agent. The test plant species are usually selected according to the centrifugal phylogenetic testing procedure, which entails choosing a sequence of plants, from those most closely related to the weed species to successively more distantly related plants, until the host range has been adequately circumscribed (Wapshere 1974) . Particular emphasis is put on rare and endangered plant species and on economically important crop species belonging to the same family as the target species. In addition, unrelated plant species occurring in the same habitat as the target plant and having morphological or chemical similarities to the weed, as well as host plants of congeneric insect species, are included in the test-plant list of a biocontrol candidate, which usually consists of more than 50 plant species.
The designs of standard host range tests can be divided into choice and no-choice tests, depending on whether the biocontrol candidate can select from a range of species or is restricted to a single species, respectively. Nochoice tests are subdivided into sequential or simultaneous tests, depending on whether the control (that Fundamental host range: The list of plant species on which the organism can complete its life cycle. It may sometimes be helpful to distinguish between the fundamental host ranges of different stages during the life cycle, for example, the fundamental host range of larval development, or that of female oviposition behavior.
Host race: Usually defined as a population of a species that is genetically differentiated from other conspecific populations as a consequence of adaptation to a specific host (for slightly different definitions, see Jaenike 1981 and Bush 1984) .
Host range: Usually defined as the list of species used as hosts (Bernays and Chapman 1994) . In general, the host range of an herbivore species is considered to comprise those plant species that are accepted in the field, that is, the realized or ecological host range (see below).
Host range expansion:
Generally used when a new host is added to the diet in the field, that is, to the realized host range. This term does not imply any mechanisms underlying the incorporation of a new host species into the diet.
Host shift: A genetic shift in preference or performance, or both, of the insect (Berenbaum 1986 ).
Monophagous, oligophagous, polyphagous:
Used to indicate the degree of host specificity, and usually defined in relation to each other. The level of specificity meant by these terms varies among studies. For example, monophagy is often used for species feeding on one plant species (strict monophagy) or on one plant genus. Accordingly, oligophagy is used for species restricted to either one plant genus or one plant family, but sometimes also to a few plant families. These terms are usually applied with regard to the realized host range; that is, host range testing of a species that is strictly monophagous under field conditions may reveal that this species does accept and develop on plant species other than the one used in the field.
Performance: Includes the parameters that affect survivorship and the combination of growth rate and developmental time to produce adults with different fertilities and fecundities (Singer 1986 ).
Physiological host range:
The host range of a species on which the larvae can complete their development. However, because the larval host range may also be constrained by behavioral factors (e.g., repellent substances), it is probably more appropriate to speak of the fundamental host range of larval development, or simply larval host range.
Preference: Differently used and defined in behavioral and ecological studies. Behavioral preference is the relative likelihood of accepting plants that are encountered (Singer 1986) . Ecologists often speak of host preference if consumption or number of eggs is not distributed over the different plant species in proportion to their relative abundance. It is important to distinguish between these two approaches, because they can generate different interpretations of the same results (Singer 1986 ).
Realized or ecological host range:
The list of plant species a species uses under natural conditions. The realized host range is a short list of the fundamental host range, including the plant species that occur sympatrically with the herbivore species and are perceived and accepted as the host plant. Hence, the realized host range of a species consists of those plant species of the fundamental host range that pass through the species-specific behavioral and ecological sieve.
A glossary of biological control terms is, the target) species and the test species are offered in sequence to the same insect or at the same time to different insects (Heard and van Klinken 1998) . Simultaneous no-choice tests that extend for the whole lifetime of an insect are called nochoice starvation tests and represent the most vigorous test design.
The importance of no-choice larval development tests has been debated (Cullen 1990) . Advocates claim that the results are essential to identify the fundamental larval host range, that is, the range of plant species that can support complete development. Critics, on the other hand, stress that results of nochoice starvation tests are unhelpful because they can lead to the elimination of biological control candidates that would be safe in practice. This is because the range of plant species on which larvae can complete their development is often broader than the range of species females accept for oviposition (Schoonhoven et al. 1998) . Larval host range tests, in which eggs or first instar larvae are transferred to test plants and subsequently monitored for survival, have been carried out at CABI Bioscience Center, Switzerland, over the past 30 years. The data set from larval host range tests of some 30 herbivorous insect species support this statement: Only one of the insect species tested proved to be strictly monophagous (see glossary), meaning larvae did not accept any of the offered test plant species even under no-choice conditions. In all other herbivores tested, a few larvae were able to complete their development on one or a few test plant species. In 24 species, some larvae developed on test plant species that were not recorded as field host plants, despite extensive field surveys. In nine of these species, larvae completed development on plant species outside the host genus.
Usually, choice tests focus on those test plant species on which insects fed, oviposited, or completed development in the no-choice tests. Choice tests can be divided into designs in which test plants are offered with (normal choice test) or without (choice minus control) the control plant; in the latter case, the control plant is offered in a separate test unit, either alone or together with the same set of test plant species used in the choice-minus-control unit (Heard and van Klinken 1998) . Choice tests are conducted with the mobile stages of the candidate species, predominantly with the adult stage. Unfortunately, oviposition choice tests carried out in cages are particularly prone to yield false-positive results, that is, acceptance of test plant species that would not be selected in the field (Marohasy 1998) . Laboratory or field cage experiments are therefore often accompanied by open-field studies in the area of origin to experimentally study acceptability of critical test plants when the insects can display the whole array of pre-and postalighting behavior (Clement and Cristofaro 1995) . In addition, surveys of sympatrically occurring, related plant species for attack by the biocontrol candidate provide important data on the realized host range, that is, the range of plant species that are actually accepted by the candidate species under natural conditions (see glossary).
The basics of standard host range testing were elaborated more than 30 years ago (Harris and Zwoelfer 1968) . Field surveys and no-choice tests were also carried out in the prerelease studies of Rhinocyllus conicus (Zwoelfer 1964) , but choice oviposition tests were not. In laboratory experiments and field studies carried out 35 years ago, Zwoelfer showed that this weevil is oligophagous (see glossary), with a host range including the plant genera Carduus, Cirsium, Silybum, Onopordum, and Notobasis (Zwoelfer 1964, Zwoelfer and Harris 1984) . All but one Eurasian species of the five genera used in the host range screening, as well as the North American Cirsium species, were accepted for feeding and oviposition by R. conicus (Zwoelfer and Harris 1984) . Field records revealed that even the realized host range in Europe and Israel comprised plant species of all five plant genera mentioned above.
Choice oviposition tests, which became popular in basic ecological and evolutionary studies in the 1970s (Singer 1971 , Wiklund 1974 , were included only in more recent prerelease studies of biological control programs. The absence of choice oviposition tests in the R. conicus prerelease studies may partly explain the sometimes ambiguous interpretation of the results obtained during field surveys and nochoice tests. For instance, Zwoelfer (1967) suggested that nonrandom use of host plants in temperate Europe may be influenced by the regional synchronization of weevil oviposition period and bud development of potential host plants. Taking additional data from both the native and the naturalized area into consideration, Zwoelfer and Harris (1984) hypothesized that R. conicus originating from temperate Europe consists of a number of biotypes with different oviposition preferences. However, efforts to experimentally test the two contradicting hypotheses were not made until recently (Gassmann and Louda 2000) . Nonetheless, the field releases of R. conicus in North America were approved with the knowledge that R. conicus had the potential to attack and develop on native North American Cirsium species. The fact that the weevil was introduced despite its potential for nontarget effects can be attributed to the lack of attention directed at nontarget effects in those days.
About definitions and their usefulness in biocontrol risk assessments
Part of the misunderstandings in the discussions between biocontrol scientists and scientists from other disciplines about the usefulness of host range testing comes from an inconsistent use of terms such as host shift and host range expansion. For instance, Strong et al. (1984) stated that "host shift is a widely used term of convenience," and that it simply means that "a new host is added to the insect's dietary repertoire." Secord and Kareiva (1996) used the same term for "both host switching, in which the old host is abandoned in favor of a new one, and host range expansion, in which a new species is simply added to an existing repertoire of hosts." The choice of such broad definitions indicates that it is often very difficult to find proximate reasons for the change in the dietary repertoire. Moreover, such broad definitions are not very helpful in clarifying what can and cannot be assessed in prerelease studies of classical biological control agents.
Host range is usually defined as the list of species used as hosts (Bernays and Chapman 1994) . When more detailed information is not available, the host range of an herbivore species is considered to comprise those plant species that are accepted in the field, or the realized host range, which is a subset of the fundamental host range (see glossary). Accordingly, the colonization of North American Cirsium spp. by R. conicus can be described as a host range expansion (Louda et al. 1997) . The findings by Rees (1977) and Laing and Heels (1978) revealed that all new host plants used by R. conicus in North America are species with which there has been no historical contact. Some of the Cirsium spp. now used in North America were not tested in the original screening, but because all Cirsium spp. offered in the original screening were accepted for feeding and oviposition (Zwoelfer and Harris 1984) , it is likely that all the new host plants would have been accepted in prerelease studies as well. Hence, there is no evidence that the fundamental host range of R. conicus has changed.
There are several possible explanations for the expansion of the realized host range in R. conicus: It may be attributable to increased ecological opportunities in the naturalized area, to the spatiotemporal availability of target and nontarget species in the right phenological stage, or to genetic changes in host preference or performance. As long as the mechanisms underlying the inclusion of new hosts in the realized host range of R. conicus are not known, one should, as a precaution, use a purely descriptive term such as host range expansion.
The fundamental host range of a biocontrol candidate, and therefore the potential of a short-and medium-term expansion of its realized host range, is assessed in prerelease studies using the centrifugal phylogenetic testing procedure. Assessing the risk of attack of unrelated plant taxa, however, is not always straightforward. For example, plant morphological and chemical features that are used by an insect species as attractants or feeding stimulants may have a scattered distribution within the plant kingdom; insects using such cues would be characterized by disjunct oligophagy (Bernays and Chapman 1994) . A well-known example is the cabbage butterfly, Pieris rapae L., which mainly eats plant species in the family Brassicaceae but also accepts nasturtium (Tropaeolaceae). The plants of these two unrelated plant families are characterized by the possession of glucosinolates, which have been shown to elicit oviposition response in P. rapae and several other herbivores associated with Brassicaceae (Schoonhoven et al. 1998) .
In host plant lists of modern biological control projects, unrelated plant species sharing conspicuous secondary metabolites or morphological characters are represented to a certain extent, but it is usually not known whether the characters selected are indeed of relevance in the host selection behavior of the biocontrol candidate. To increase the chances of detecting disjunct oligophagy, one needs to elucidate the cues used by the candidate species in selecting and accepting host plants.
The term host shift should be restrictively used for those cases in which a genetic change in preference or performance of the insect, or in both together, has been demonstrated (Berenbaum 1986 ). Host shift is an evolutionary event; host range expansion an ecological event. Host shifts may, under certain conditions such as assortative mating, lead to host race formation (see glossary; Abrahamson and Weis 1997, Thomas and Singer 1998) . In contrast to the term host range expansion, host shift does not necessarily imply that a new host plant has been added to the diet; the definition of host shift also includes a genetically based change in the ranking of already utilized host plants. There is evidence that adaptive changes in oviposition preference can, within the constraints imposed by phylogenetic history, evolve within decades (Thompson 1998) . However, in all cases of host range evolution cited by Thompson (1998) , genetic variation in accepting the derived host was already present at the beginning of the investigations; that is, some genotypes already used the derived host to some extent. It is beyond the scope of prerelease studies of biological control programs to answer questions of how quickly new mutants capable of developing or ovipositing on test plants that had not been accepted in no-choice starvation tests may arise. Provided that a large number of unrelated individuals of both the biocontrol candidate and the test plants are used in the screening, it is probably safe to conclude that there is a finite, but negligible, risk that plant species not accepted in the screening tests will be attacked after the deliberate release of the biocontrol agent in the new range.
The critical questions arising from the standard host range testing refer to those plant species that are accepted to a certain extent under no-choice conditions, but are not or only rarely used in the field. Under what conditions will these plant species be incorporated into the diet of the biocontrol candidate? What is the likelihood of genetic changes in preference or performance once the agent is released into a new environment? Experimental approaches addressing these questions are discussed in the next section.
How can the interpretation of host range tests be improved?
Prerelease studies in weed biocontrol programs have often been carried out with limited knowledge of the agent's genetics and behavior. Detailed information on these aspects are of basic interest, because both the design of the host-specificity tests and the interpretation of the results largely depend on, and should be adjusted to, the particular characteristics of the candidate species under investigation. I discuss aspects related to larval development first and those dealing with host-selection behavior afterward.
As mentioned above, no-choice larval development tests often reveal that a few larvae of a biocontrol candidate can develop on plant species that are not utilized under field conditions. Such results may not have to be considered further when the required host specificity for the target area includes these partly suitable test plant species. However, if native members of the same taxa occur in the target area, these data have to be interpreted carefully. Statistical analyses are sometimes applied to determine whether the target weed is more suitable for larval development than the attacked test plant species. Yet, if a few larvae are able to complete their development on a nontarget native plant, and if there is genetic variation in traits affecting larval performance, changes in performance may evolve. For example, in a selection experiment, mean larval survivorship of the agromyzid fly Liriomyza trifolii Burgess on a resistant cultivar of Chrysanthemum morifolium Ramat. increased from 15% to 51% within 10 generations (Hawthorne 1999) .
There are several ways to improve the interpretation of the results of standard larval host range tests. As Futuyma and colleagues (1995) have shown, adaptation may be constrained by the lack of genetic variation. Because many of the traits related to preference and performance exhibit continuous phenotypic variation, quantitative genetics is often the appropriate tool for biologists seeking to understand evolution of these traits (Falconer and Mackay 1996) . Statistical methods such as parent-offspring regressions can be used to estimate whether variation in performance on, and preference for, a critical test plant are indeed genetically based, and whether these traits are correlated with each other. Using a quantitative genetic design, Singer et al. (1988) found within a single population of the butterfly Euphydryas editha (Boisduval) a significant tendency for offspring to perform better on the host species preferred by the female parent. There was also a heritable variation in postalighting oviposition behavior, with some females preferring one and others the alternate host. Genetic preference-performance correlations may facilitate host shifts or host race formation (Singer et al. 1988) .
Quantitative genetic designs may also be used to predict the likely course of host range evolution in new insect-plant associations. For example, by comparing larval performance of the butterfly Colias philodice Latreille on its primary host with that on a recently introduced host, Karowe (1990) found that larval survival and growth are reduced, but female fecundity is enhanced, on the introduced plant species. Using quantitative genetic designs, Karowe showed that there exists significant among-family variation for larval performance, and larval performance is positively correlated across the two plant species. This suggests that selection for increased performance on each species can facilitate evolution of increased performance on the other. He therefore concluded that once the prealighting discrimination is overcome, C. philodice expands its host range to include the introduced plant species.
In the evolution and maintenance of specialization, behavioral factors may be more important than morphology or physiology (Bernays 1998) . Host plant selection by gravid females consists of a sequence of behavioral acts, including dispersal, habitat finding, plant finding, alighting, contact evaluation, and oviposition (Schoonhoven et al. 1998 ). In general, oviposition behavior seems to be more plastic than larval host range, with many extrinsic and intrinsic factors influencing the host choices made by an insect species (Bernays and Chapman 1994) . Oviposition "mistakes," whether maladaptive or a risk-spreading strategy (Larsson and Ekbom 1995) , may occur both in cages as well as in the field. The frequency of oviposition mistakes depends on several physiological and behavioral factors: the number of eggs a female carries, whether the eggs are laid on the plant surface or inside plant tissue, and whether the females are mainly egg or time limited (Minkenberg et al. 1992) . Although a few eggs laid on a lower-ranked host are not of great relevance in preference tests with regard to evolutionary questions (Nylin and Janz 1993, Thompson 1993) , they are of concern in biological control testing, especially when the plant species supports complete larval development. If oviposition on a suboptimal host is accompanied by larval or adult learning, behavioral and physiological adaptation to the new host may evolve quickly (Jaenike and Papaj 1992) .
Host ranking and host specificity of biological control candidates should be investigated using carefully designed experiments. It can be misleading to draw conclusions on behavioral preferences from field data, because spatial and temporal availability of potential host plants as well as intraand interspecific competition may affect the distribution pattern in the field (Singer 1986 ). Despite the inherent disadvantage that insects cannot display long-range oviposition behavior in confinement, choice oviposition tests in cages can yield valuable insight into the phenotypic and genetic variation of host ranking and host specificity (Wiklund 1975 , Thompson 1993 . By offering insects a range of different target versus nontarget plant ratios, or by using females of different age, one can study response curves of shortrange prealighting and postalighting behavior. An example of such a response curve from theoretical ecology is provided by Courtney et al. (1989) , who experimentally assessed the relationship between egg load and host acceptance by females of Drosophila busckii Coq. The level of acceptance for the preferred host rose much quicker than for the less preferred host, but at very high egg load, both hosts were almost equally accepted.
However, for the same reason one cannot extrapolate from the egg distribution in the field to behavioral preference, one should not extrapolate from carefully designed behavioral preference experiments in confinement to open-field conditions. For instance, herbivore species with poor mobility actually may not perceive the top-ranked and lower-ranked plant species at a regular, random interval, because the two plant species may have a clumped or spatially separate distribution. This may result, for example, in increased egg load because of a perceived absence of the primary host plant, and lead to the acceptance of hosts which would not, or would only rarely, be accepted in small-scale choice experiments.
An open-field test design originally proposed by Rizza et al. (1988) and Dunn and Campobasso (1993) , and refined by Briese (1999) , is well suited to address the relationship between behavioral preference and mobility of the biocontrol candidate, as well as ecological parameters such as host plant density and spatial distribution. In this two-phase test, the first phase is a choice test to assess the behavior of the biocontrol candidate when exposed to a plot of randomly arranged control and test plant species. In the second phase, the target weed is killed and removed from the central plot, and satellite trap plots consisting of either target or test plants are set up at a certain distance. This second phase reveals the agent's behavior with regard to nontarget plants in the absence of the target species, and it therefore simulates the situation in which a successful biocontrol agent locally eradicates its target plant (Briese 1999) . By experimentally establishing different ratios of test plant-to-target weed densities, setting up the satellite plots at different distances from the central plot, or releasing different biocontrol agent densities, the effect of ecological parameters on host utilization can be assessed without confinement.
Open-field studies can also be used to elucidate the role and plasticity of individual steps within the sequence of hostselection behavior. For example, following females in the field and recording which plants they land on, and which of these are actually accepted for oviposition, can help to identify the role of pre-and postalighting cues in host-selection behavior (Papaj and Rausher 1983) . Using a similar approach, Parmesan et al. (1995) demonstrated that experience did not alter the open-field oviposition foraging behavior of the checkerspot butterfly Euphydryas editha. Mobility under natural conditions, which has implications for long-range hostselection behavior and the expression of behavioral preference, was assessed in an elegant study by Dempster et al. (1995) for flowerhead-feeding tephritid flies, which have been repeatedly used in biological control programs. By applying to field patches chemical markers (chloride salts) that were taken up by the host plant and translocated to the flower heads and so to the tephritid flies, Dempster et al. (1995) assessed the mobility of these flies in the field. Such an approach could also be used to evaluate the likelihood of a biocontrol agent to find new weed patches once the agent has destroyed the local patch.
For improved interpretation of screening results that do not correspond with the biocontrol agent's realized host range, it is helpful to analyze the cues involved in, and the specificity of, the different steps in the sequence of oviposition behavior. For instance, acceptability of the North American Potentilla gracilis Dougl. by the clearwing moth Tinthia myrmosaeformis (Herrich-Schaeffer), a candidate for biocontrol of Potentilla recta L., did not differ from that of the target weed when the females were transferred by hand onto the plants. However, in small cages females clearly preferred flowering P. recta shoots over flowering P. gracilis shoots. If females were exposed to nonflowering P. recta shoots and flowering P. gracilis shoots, the preference disappeared again, indicating that open flowers of P. recta were an important cue in the narrowrange prealighting behavior of T. myrmosaeformis (Schaffner, unpublished results) . In an open-field experiment exposing P. recta and P. gracilis in a randomized block design, P. gracilis was not accepted at all. This suggests that T. myrmosaeformis females use additional cues in the long-range host-selection behavior, and thereby increase their host specificity in the field. What remains to be shown is how endogenous states of gravid females and the density and spatial distribution of target and nontarget species affect host fidelity in T. myrmosaeformis.
In no-choice tests, the chrysomelid beetle Altica carduorum Guer., a potential biocontrol agent for Cirsium arvense (L.) Scop., was able to develop on all Cirsium species tested. However, Wan and Harris (1996) showed that aggregation, which is part of the host-finding behavior, was induced by feeding or mechanical damage on C. arvense only, and not on other Cirsium species. Also, A. carduorum adults were attracted by feces of the opposite sex or of larvae, but only if the feces resulted from feeding on C. arvense. These behavioral studies explain the differences between the no-choice feeding tests and field observations that indicated that this beetle is monophagous on C. arvense (Wan and Harris 1996) .
In summary, in-depth studies on the behavior and the genetics of a biocontrol candidate can considerably improve the interpretation of results obtained by standard host range testing. Instead of using statistical analyses, efforts should be made to understand why and to what extent some test plant species are suitable for larval development or are acceptable for oviposition. Experimental investigations on the phenotypic and genetic variation in preference and performance can lead to predictions of the likely course of host range evolution once the biocontrol candidate is released into the target area. Also, an evolutionary ecology approach may contribute significantly to nontarget risk assessments by identifying the variables that might modify expression of host fidelity (Roitberg 2000) . Predicting the likelihood of a nontarget species being attacked requires knowledge of both the degree of an agent's phenotypic plasticity and the evolutionary consequences of that plasticity.
Concluding remarks
Over the years, classical weed biocontrol programs have developed a qualitatively high standard for host range testing. Nevertheless, the results obtained from basic host range tests are often ambiguous because they depend on the test design and therefore require further analysis (Blossey 1995) . In the Reviewer's Manual for the US Technical Advisory Group for Biological Control of Weeds (USDA, APHIS, Plant Protection and Quarantine, unpublished report), it is specifically stated that "the most important part of host-specificity testing is how the petitioners explain and interpret their results." Although in-depth studies of the biocontrol candidate's behavior or genetics already have been proposed (Schroeder 1983 , Cullen 1990 , Roderick 1992 , not much progress has been made in these fields in more recent biocontrol programs. This stagnancy clearly contrasts with the developments in theoretical biology, whereby investigations on the host-selection behavior of herbivores and the underlying genetics have yielded much insight into ecological and evolutionary processes (Via 1990, Thomas and Singer 1998) .
This gap between applied and theoretical ecology should be closed again, as both sides can profit from a closer collaboration. For example, evolutionary ecologists hypothesize that introduced species are more likely to undergo rapid directional selection rather than rapid fluctuating selection, because the number of links between introduced species and the surrounding community is very low during the early stages of introduction (Thompson 1998) . Planned biocontrol introductions that are based on careful prerelease studies and followed by rigorous monitoring are well suited to test this hypothesis. Retrospective studies of biocontrol programs are also helpful in assessing changes in interspecific interactions; for example, comparative studies on preference and performance of populations in the native range, where the biocontrol agent was originally sampled, and those established in the new environment can elucidate whether evolution of host fidelity has indeed occurred, or whether changes in host range have arisen from altered ecological conditions.
In the case of Rhinocyllus conicus one may assume that preference or performance on the native North American Cirsium species have improved over the 20 years of host use. However, in a recent study Louda and Arnett (2000) found that R. conicus collected in Nebraska from the target weed Carduus nutans L. and from the native North American C. canescens Nutt. both still significantly preferred the target weed over C. canescens. Further comparative preference or performance tests with native and naturalized R. conicus populations are indicated to elucidate genetic changes in this biocontrol agent.
One reason prerelease studies have rarely included such investigations is that potential biocontrol agents screened in weed programs often are not as well suited for detailed studies as the model organisms, such as swallowtail and checkerspot butterflies, on which current theoretical thinking is largely based. This is particularly true for those herbivores that are difficult to breed in captivity or that show indiscriminant oviposition behavior under laboratory conditions. However, case studies with agents that are suitable for rigorous behavioral and genetic studies have much to offer for both biocontrol and evolutionary ecology. Certainly, a closer collaboration of theoretical and biocontrol scientists is necessary to meet the demands in quality and quantity for future prerelease studies.
